The evaluation addresses questions on medical efficacy, cost-effectiveness as well as ethic, social and legal implications in the use of brachytherapy in PAOD patients. 
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Methods
A systematic literature search was conducted in August 2007 in the most important medical electronic databases for publications beginning from 2002. The medical evaluation included randomized controlled trials (RCT). The information synthesis was performed using meta-analysis. Health economic modeling was performed with clinical assumptions derived from the meta-analysis and economical assumptions derived from the German Diagnosis Related Groups (G-DRG-2007) .
Results

Medical evaluation
Twelve publications about seven RCT on brachytherapy vs. no brachytherapy were included in the medical evaluation. Two RCT showed a significant reduction in the rate of restenosis at six and/or twelve months for brachytherapy vs. no brachytherapy after successful balloon dilatation, the relative risk in the meta-analysis was 0.62 (95% CI: 0.46 to 0.84). At five years, time to recurrence of restenosis was significantly delayed after brachytherapy. One RCT showed a significant reduction in the rate of restenosis at six months for brachytherapy vs. no brachytherapy after PTA with optional stenting, the relative risk in the meta-analysis was 0.76 (95% CI: 0.61 to 0.95). One RCT observed a significantly higher rate of late thrombotic occlusions after brachytherapy in the subgroup of stented patients. A single RCT for brachytherapy vs. no brachytherapy after stenting did not show significant results for the rate of restenosis at six months. Both, early and late thrombotic occlusions appeared more frequently in the brachytherapy group.
Conclusions
Brachytherapy after successful balloon dilatation in PAOD can be recommended from a medical point of view for the reduction of the rate of restenosis at one year. However from a health economic view the answer
is not yet clear. Based on the current data the use of brachytherapy after stenting in PAOD cannot be recommended neither from a medical nor from a health economic point of view. The informed consent of the patients is an important ethical aspect in the use of brachytherapy.
Zusammenfassung Wissenschaftlicher Hintergrund
Bei der Behandlung der peripheren arteriellen Verschlusskrankheit (PAVK) werden u. a. perkutane transluminale Angioplastien (PTA) mittels Ballondilatation mit bzw. . Two independent reviews were involved in the selection of the relevant publications.
Medical evaluation
The medical evaluation included randomized controlled trials (RCT) on the comparison of intravascular brachytherapy with no brachytherapy or with other intervention(s). The data from the included RCT were summarized based on a prepared extraction form concerning methods of the RCT, patient's characteristic, performed interventions and investigated end points. RCT were reviewed with respect to their methodical quality and validity. In the information synthesis study results were analyzed with respect to their statistical heterogeneity and if reasonable were summarized in meta-analyses. The meta-analyses calculated relative risks (RR) using a "random-effect" model.
Health economic evaluation
In the course of health economic evaluation the literature was searched for studies and systematic reviews on the health economic comparison of brachytherapy with no brachytherapy or with other intervention(s). As no relevant health economic publications could be identified, a health economic modeling with clinical assumptions derived from the meta-analyses (medical evaluation) and current economic assumptions derived from the German Diagno-sis Related Groups (G-DRG, version 2007, diagnosis and resource use based classification system of medical care cases) was performed from a restricted societal perspective with a time horizon of up to one year. The base-case value was assumed to be 2,800 Euro.
Ethic, social and legal evaluation
In course of the ethic, social and legal evaluation the literature was searched for publications with an explicit view towards ethical, social and legal aspects in the use of intravascular brachytherapy in PAOD.
Results
Medical evaluation
The literature search yielded 353 hits. Twelve publications about seven RCT were included into the medical evaluation.
-Studies on the comparison of brachytherapy vs. no brachytherapy, both after successful balloon dilatation. Two from three RCT on the comparison of brachytherapy vs. no brachytherapy, both after successful balloon dilatation, showed a significant reduction in the rate of restenosis, both in the per protocol and in the intention-totreat analyses (in follow-up at six and/or twelve months). The results of the RCT showed no statistical heterogeneity. The RR for restenosis was found to be 0.47 (95% CI: 0.33 to 0.69) in the meta-analysis for the per protocol and 0.62 (95% CI: 0.46 to 0.84) for the intention-to-treat data (significant in both analyses). Respectively, the cumulative clinical patency rate was significantly higher for brachytherapy at twelve months (73.6% vs. 51.9%; data only for one study). The rate of repeated revascularisations was neither in the single study nor in the meta-analysis of the studies significantly different between the study groups at six and/or twelve months. The results of the studies for the rate of repeated revascularisations showed no evidence of statistical heterogeneity, the RR in the meta-analysis was found to be 0.63 (95% CI: 0.38 to 1.05). The mortality in the brachytherapy group was low in followup at twelve months, one patient in each of the two RCT died, respectively (mortality data for the control group only in one study). In the subgroup analysis in one RCT for diabetic vs. nondiabetic patients, patients with de novo vs. restenotic lesions, with stenosis vs. occlusion, with 4 to 10 cm long vs. over 10 cm long lesions the recurrence rate was consistently lower in the brachytherapy group than in the control group at six months. However, significant results were found only for patients with restenotic, over 10 cm long lesions and occlusions. In a separate analysis of data for de novo and restenotic lesions from two studies significant results were found for restenotic lesions. At 24 months in one study the rate of cumulative patency of the revascularizied vessel segment was significantly higher in the brachytherapy group both in the intentionto-treat and in the as treated analyses (54% vs. 27% and 77% vs. 39%, data only for one study). The five year results (data only for one study) showed similar rates of repeated restenosis in patients with and without performed brachytherapy (both 72.5%). Time to recurrence after brachytherapy was significantly longer (17.5 vs. 7.4 months, p<0.01). The rate of repeated revascularisations of the target vessels was also similar (70.6% vs. 72.5%, difference was not statistically significant). From a total of 17 patients died, seven were in the brachytherapy group. The mortality and the recurrence rate of the clinical symptoms were not significantly lower in the brachytherapy group (13.7% vs. 19.6% and 56.6% vs. 67.6%).
-Studies on the comparison of brachytherapy vs. no brachytherapy, both after PTA with optional stent implantation. From three RCT on the comparison of brachytherapy vs. no brachytherapy, both after PTA with optional stent implantation (in case of dissections and/or insufficient results of the balloon dilatation) only one study showed a significant reduction in the rate of restenosis, both in the per protocol and in the intention-to-treat analyses (in follow-up at six months). Only patients with de novo lesions were included in this study. The results of all three RCT showed no statistical heterogeneity. In the meta-analysis the RR for restenosis was found to be 0.58 (95% CI: 0.42 to 0.80) in the per protocol and 0.76 (95% CI: 0.61 to 0.95) in the intention-to-treat analyses (significant in both cases). Respectively, the survival without claudicatio intermittens in one RCT was significantly higher after the brachytherapy at six months (77% vs. 61%, p<0.05). The rate of the cumulative patency of the revascularized vessels in this study was also higher after brachytherapy (significance not reported). The rate of repeated revascularisations was significantly different between study groups in two RCT and in the meta-analysis of all RCT. The results of the studies for the rate of repeated revascularisations showed no evidence of statistical heterogeneity, the RR in the metaanalysis was found to be 0.47 (95% CI: 0.27 to 0.83). One or two patients in each study group died up to followup at six or twelve months (difference not statistically significant). As an important complication in a study, late thrombotic occlusions after discharge of the clopidogrel treatment were observed in 27% of the stented patients after brachytherapy vs. in no stented patients without brachytherapy (p<0.05). In the average follow-up of three years no significant differences in the restenosis rate, freedom from angiographic restenosis, cumulative sustained clinical success rate and in the rate of the repeated revascularisations could be found in the combined analysis of the data for one clinic from two RCT. A total of 14 patients died during this follow-up.
-Studies on the comparison of brachytherapy vs. no brachytherapy, both after stenting.
The single study on the comparison of brachytherapy vs. no brachytherapy, both after stenting (stenting was performed in case of insufficient results after balloon dilatation) no significant reduction in the rate of restenosis was shown both in the per protocol and in the intention-totreat analyses in follow-up at six months. The RR for restenosis rate was found to be 0.96 (95% CI: 0.54 to 1.72) in the per protocol analysis and 1.12 (95% CI: 0.67 to 1.87) in the intention-to-treat analysis. Respectively, the rate of clinical patency of the revascularized vessels was not significantly different between the two groups (69% vs. 74%). The rate of repeated revascularisations at six months was also not significantly different between both study groups. The RR for repeated revascularisations was found to be to 0.78 (95% CI: 0.39 to 1.57). Four patients died during the one-year follow-up of the study. Early thrombotic occlusions were found significantly more frequently in patients after brachytherapy (17% vs. 4%, p<0.05). Late thrombotic occlusions were also observed more frequently in the brachytherapy group (7% vs. 0%, p=0.05), in two of all three patients after discharge of clopidogrel. In the twelve month follow-up the recurrence rate in the brachytherapy group was not significantly lower (43% vs. 59%), the rate of clinical patency of the revascularized vessels was not significantly higher, respectively (62% vs. 54%). At 24 months, the rate of cumulative patency of the vessels and the rate clinically patency of the revascularized vessels were not significantly higher in the brachytherapy group (43% vs. 33% and 57% vs. 50%).
Health economic evaluation
The literature search yielded 73 hits. No publication concerning health economical aspects could be included into the evaluation. Health economic modeling The estimated additional costs of the brachytherapy corresponding to the used G-DRG were approximately 1,655 or 1,767 Euro. Respectively, the incremental cost-effectiveness ratio (i. e. additional costs per additional effect) per avoided restenosis was found to be to 
Ethic, social and legal evaluation
No publication concerning ethic, social or legal aspects of the intervention could be included into the evaluation.
Discussion
Medical evaluation Partially poor performing and reporting quality of the RCT hinder the interpretation and the transferability of the study results. The study hypothesis with corresponding calculation of the participant number was reported only in four, the method of the randomization in three publications. For three RCT no data for the difference in patient characteristics between the study groups were reported. A sham irradiation for the purpose of the patients blinding was performed in three RCT. RCT presented usually only results for per protocol analysis, that means that the patients deviating from the treatment protocol were excluded from the analysis. In five study evaluations, the completeness of the data for clinical follow-ups was approximately 82 to 95%. The analyzed RCT differed with respect to the patient baseline characteristic (the proportion of patients in different PAOD stages, the proportion of patients with de novo or restenotic lesions, with different stenosis lengths), methods of the brachytherapy performance (irradiation dose and its homogeneity), definition of the end points, method of the end point analysis as well as the duration of the follow-up. However, no statistically significant and also no clearly visible trends could be observed if the study RR were analyzed in relation to these parameters.
Health economic evaluation
Health economic modeling was performed from a restricted societal perspective. In this modeling the costs of possible rehabilitations, costs of the work loss due to illness as well as intangible costs were not considered since referring data were missing in the studies. The use of clinical assumptions from the current metaanalysis of the RCT enabled in the health economic modeling the highest evidence level (highest reliability) for the determined results, if the results of the single studies are considered to be valid. The use of current cost assumptions for Germany from the year 2007 over the corresponding G-DRG enables a good approximation of the current brachytherapy related costs for the German health care system.
Ethic, social and legal evaluation
The access of different social and ethnic groups to DES as well as independence and privacy of the patients seems not to be restricted in Germany. The informed consent of the patients and its documentation are important aspects in the use of brachytherapy in PAOD patients.
From an organizational point of view a limiting factor for the widespread use of brachytherapy with gamma irradiation is the necessity of the spatial connection of the catheter and brachytherapy departments.
Conclusions
From a medical point of view the use of brachytherapy in PAOD after successful balloon dilatation can be recommended for medium-term improvement of the vessel patency (reduction of the one-year restenosis rate) and for lengthening of the time to recurrence. The possible appearance of different long-term side-effects should be proven. From a health economic point of view and based on the current data the question about the cost-effectiveness of brachytherapy after balloon dilatation is still not answered yet. Based on the current data the use of brachytherapy after stenting in PAOD cannot be recommended neither from a medical nor from a health economic point of view. Further studies could clarify this issue. 
Ethisch-soziale und juristische Bewertung
Bei der durchgeführten Literaturrecherche wird nach Publikationen mit expliziter Betrachtung von ethisch-sozialen und juristischen Aspekten der Anwendung intravaskulärer Brachytherapie bei PAVK gesucht.
Ergebnisse Medizinische Bewertung
Die Literaturrecherche ergibt 353 Treffer. Es werden zwölf Publikationen über sieben Studien in die Bewertung einbezogen.
-Studien zum Vergleich Brachytherapie vs. keine
Brachytherapie jeweils nach erfolgreicher Ballondilatation Von drei Studien zum Vergleich Brachytherapie vs. keine Brachytherapie jeweils nach erfolgreicher Ballondilatation zeigen zwei Studien eine signifikante Reduktion der Restenoserate, beide sowohl in der per-Protokoll-als auch in der Intention-to-treat-Analyse (im Follow-up nach sechs bzw. zwölf Monaten). Die Ergebnisse aller drei Studien weisen keine statistische Heterogenität auf. Das RR für eine Restenoserate in der Metaanalyse beträgt 0,47 (95% CI: 0,33 bis 0,69) in der per-Protokoll-Auswertung und 0,62 (95% CI: 0,46 bis 0,84) in der Intention-to-treatAnalyse (signifikant in den beiden Analysen). Dementsprechend liegt die Rate an kumulierter klinischer Durchgän-gigkeit der Gefäße bei der Brachytherapie nach zwölf Monaten signifikant höher (73,6% vs. 51,9%; Angaben für eine Studie). Die Rate an wiederholten Revaskularisationen ist weder in einer Studie noch in der Metaanalyse dieser Studien signifikant unterschiedlich zwischen den beiden Studiengruppen nach sechs bzw. zwölf Monaten. Das RR für wiederholte Revaskularisationen beträgt in der Metaanalyse bei fehlendem Nachweis auf statistische Heterogenität der Ergebnisse 0,63 (95% CI: 0,38 bis 1,05). Die Sterblichkeit in der Brachytherapiegruppe ist gering bis zur Untersuchung nach zwölf Monaten, in zwei RCT jeweils ein Patient (Angaben für Todesfälle in der Kontrollgruppe nur für eine Studie). Bei der Betrachtung von mehreren Subgruppen der Patienten in einem RCT (Diabetiker oder Nichtdiabetiker, denovo-oder restenotische Läsionen, Stenosen oder Gefäß-verschlüsse, 4 bis 10 cm lange oder über 10 cm lange Läsionen) liegt die Rezidivrate für eine Restenose nach einer Brachytherapie nach sechs Monaten konsistent niedriger als in der Kontrollgruppe, signifikante Ergebnisse können allerdings nur für restenotische, über 10 cm lange Läsionen und Gefäßverschlüsse identifiziert werden. Bei getrennter Auswertung von Daten aus zwei Studien für de-novo-und restenotische Läsionen zeigen sich signifikante Ergebnisse für restenotische Läsionen. Nach 24 Monaten ist die Rate an kumulierter Durchgän-gigkeit des revaskularisierten Gefäßsegments in einer Studie signifikant höher in der Brachytherapiegruppe sowohl bei der Intention-to-treat-als auch bei der astreated-Analyse (54% vs. 27% und 77% vs. 39%, Angaben für eine Studie). Die Fünf-Jahres-Ergebnisse (Daten nur für eine Studie) zeigten ähnliche Raten an erneuten Restenosen mit und ohne durchgeführte Brachytherapie (jeweils 72,5%). Die Zeit bis zum Rezidiv war nach Brachytherapie signifikant länger (17, 5 vs. 7, 4 Monate, p<0, 01 
Ethisch-soziale und juristische Bewertung
Es kann keine Publikation zu ethisch-sozialen und juristischen Aspekten in die Bewertung mit einbezogen werden.
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